A very strong case has been made for the localization of the alkaline phosphatase (orthophosphoric monoester phosphohydrolase; EC 3.1.3.1) of Escherichia coli in the compartment external to the cytoplasmic membrane (1, 7), and this case has been strengthened by studies on the pattern of its release from this compartment (17). Immunological studies showed that the enzyme is not located at the cell surface (18), but other studies have shown that damage to the outer cell wall layers causes the release of alkaline phosphatase from the cell (5, 12, 14, 17) . This body of evidence has served to locate alkaline phosphatase in the periplasmic space of E. coli. A number of other degradative enzymes have been localized in the volume external to the cytoplasmic membrane (1, 2, 19, 22) in various gram-negative organisms, and Neu and Chou (15) suggested that the periplasmic compartment of these cells may have a role comparable to that of the lysosome in the eucaryotic cell.
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The usual method of releasing the jperiplasmic enzymes from the cell involves osmotic shock in the presence of ethylenediaminetetraacetic acid (EDTA; reference 15) or spheroplast formation by the action of lysozyme and EDTA (12) . Because Pseudomonas aeruginosa is lysed by EDTA (6, 23) and because EDTA must be presumed to have a very profound effect on the cytoplasmic membrane, we explored alternative methods for the removal of a presumed periplasmic enzyme from the cells of this organism. We found that simple washing in 0.2 M Mg2+ effectively releases 100% of the alkaline phosphatase while the cells remain viable and actively motile.
MATERIALS AND METHODS
Organism and culture condition. P. aeruginosa ATCC 9027 was grown in 2-liter flasks in a medium of the following composition: 0.02 M NH4Cl, 0.02 M KCl, 0.12 M tris(hydroxymethyl)aminomethane (Tns)-hydrochloride buffer, 0.5% glucose, 0.5% proteose peptone (Difco), and 0.0016 M MgSO.7H20. The medium (inorganic phosphate deficient) was prepared from separately autoclaved solutions as described by Mallette et al. (13) and was adjusted to pH 7.4 with 5 N HCl. The above medium, with the addition of 0.6% K2HPOi and 0.6% KH2PO4, is known as high-phosphate glucose-ammonium saltsproteose peptone medium. The other high inorganic phosphate medium is that described by Vogel and 748 RELEASE OF ALKALINE PHOSPHATASE Bonner (20) . An inoculum of 1 ml from an overnight culture was used per 500 ml of medium with subsequent incubation on a rotary shaker at 37 C. The cells were harvested after 12 to 14 hr of incubation by centrifugation in a Sorvall RC-2B refrigerated centrifuge for 10 min at 13,000 X g.
Optical density of cultures. Cells grown in the inorganic phosphate-deficient medium produced (after 8 hr of incubation) large amounts of pigment which absorbed below 500 nm as determined in a Unicam SP800 recording spectrophotometer. The optical density of the culture was measured therefore at 660 nm, since no absorption due to the pigments was evident at this wavelength. Cells grown in the inorganic phosphate-deficient glucose medium were usually clumped in the early log phase but became uniform in the late-log and stationary phases. The optical density of the culture was correlated with the dry weight of the cells by means of a calibration curve following drying to constant weight at 90 C. From this curve it was determined that an optical density of 1 The viability of the cells after washing was determined by serial dilutions in distilled water plated on Pseudomonas agar P (Difco). Growth rates were determined after standard inoculations of appropriately washed cells into 500 ml of inorganic phosphatedeficient medium.
Cell extracts. The cells (370 mg dry weight) were ultrasonically disrupted with a Bronson Sonifier at a tip energy of 100 w for three 30-sec intervals. The disrupted cells were centrifuged at 13,000 X g for 10 min, and the supernatants were assayed for glucose-6-phosphate dehydrogenase, reduced nicotinamide adenine dinucleotide (NADH) oxidase, and alkaline phosphatase.
Enzyme assays. Alkaline phosphatase was assayed by the methods of Neu and Heppel (16) . The reaction was followed at room temperature at 420 nm in a microsample spectrophotometer (either Unicam SP800 or Gilford model 300-N). Known quantities of alkaline phosphatase were added to the assay systems concerned with the various wash treatments to demonstrate the absence of stimulatory or inhibitory effects upon the released enzyme. The assay for glucose-6-phosphate dehydrogenase was similar to that described by Malamy and Horecker (12) . NADH oxidase activity was followed in a 1-ml assay system consisting of 4 X 104 M NADH, 0.05 M Tris buffer (pH 7.6), and extract. The oxidation of NADH was followed at room temperature at 340 nm. One unit of activity in all cases represents the conversion of 1 Amole of substrate to product per min.
Estimtion of protein. The method of Lowry et al.
(11) was used to estimate protein concentrations with bovine serum albumin as a standard. The optical density of washed cell supernatants was also measured at 260 and 280 nm as described by Warburg and Christian (21) .
RESULTS
Before studies on the release of alkaline phosphatase from cells of P. aeruginosa were undertaken, it was imperative to determine (i) whether this organism possessed an inducible enzyme system and (ii) the characteristics of such an induced system. The results (Fig. 1) show that alkaline phosphatase is inducible when the organism is grown in minimal medium containing proteose peptone as the sole source of phosphate. In addition, the level of induced enzyme reaches a maximum at approximately 14 hr. Although not reported in Fig. 1 , no alkaline phosphatase was detected in cells grown on either inorganic phosphate-deficient medium, amended with 1.2% potassium phosphate, or Vogel's medium.
When induced cells were harvested after growth in minimal medium, as described, and subjected to the osmotic shock procedure of Neu and Heppel (16) , it was found that the cells lysed after the addition of EDTA. This observation is in accord with those made by other workers who have attempted EDTA treatment of P. A 20-ml amount (520 mg, dry weight) of 14-hr cells was centrifuged, suspended into 20 ml of each treatment solution for 15 min at room temperature, and recentrifuged. The resulting washes were assayed for alkaline phosphatase, protein, and 280,260-nm absorbing material. The cell pellet was suspended into 20 ml of Tris buffer, ultrasonically disrupted, and centrifuged, and the cell-free extract (CFE) was assayed for alkaline phosphatase.
b Growth rate is expressed as the change in optical density (OD) per hour between the 6th and 10th hr. ¢ Test not performed. Although it was shown previously ( Table 1) that Mg2+ washing affects neither the cell viability nor the growth rate of P. aeruginosa, it was necessary to establish the fact that cell lysis or removal of internal enzymes (16) Preliminary experiments concerned with the induction and release patterns of alkaline phosphatase from cells of P. aeruginosa indicated that the enzyme was not released to the medium after growth of the culture on minimal media. However, after repeated transfers upon this medium, it was noted that alkaline phosphatase was, in fact, released to the culture medium after growth (Table 2 ). This phenomenon was investigated further and the results are reported in Fig. 4 . The effect of increasing Mg2+ concentration upon the release of alkaline phosphatase from growing cells is shown in Fig. 4A The fact that a certain amount of enzyme is released by other treatments, i.e., Tris, water, sucrose, or monovalent ions, may be due to the ability of the cell to secrete enzyme to the external medium during growth (Fig. 4) 
